The Assay for Transposase-Accessible Chromatin using sequencing (ATAC-seq) is a 18 fundamental epigenomics approach and has been widely used in profiling the chromatin 19 accessibility dynamics in multiple species. A comprehensive reference of ATAC-seq datasets 20 for mammalian tissues is important for the understanding of regulatory specificity and 21 developmental abnormality caused by genetic or environmental alterations. Here, we report 22 an adult mouse ATAC-seq atlas by producing a total of 66 ATAC-seq profiles from 20 primary 23 tissues of both male and female mice. The ATAC-seq read enrichment, fragment size 24 distribution, and reproducibility between replicates demonstrated the high quality of the full 25 dataset. We identified a total of 296,574 accessible elements, of which 26,916 showed tissue-26 specific accessibility. Further, we identified key transcription factors specific to distinct tissues 27 and found that the enrichment of each motif reflects the developmental similarities across 28 tissues. In summary, our study provides an important resource on the mouse epigenome and 29 2 will be of great importance to various scientific disciplines such as development, cell 30 reprogramming, and genetic disease.
Library construction and sequencing 89
Tissues were homogenized in a 2 ml Dounce homogenizer (with a loose and then tight pestle) 90 with 10-20 strokes in 2 ml of 1 X homogenization buffer on ice. 400 μl of this nuclei suspension 91 was transferred to a round-bottom 2 ml Lo-Bind Eppendorf tube for density gradient 92 centrifugation following the protocol by Corces et al. 22 . After centrifugation, the nuclei band 93 (about 200 μl) was collected, stained with DAPI, and nuclei were counted. Approximately 94 20,000-100,000 nuclei were transferred into a fresh tube and diluted in 1 ml ATAC-RSB + 0.1%
95
Tween-20 (Sigma-Aldrich, Darmstadt, Germany). Nuclei were centrifuged and the supernatant 96 was carefully aspirated. Nuclei were treated in 50 μl transposition reaction mixture containing 97 10 mM TAPS-NaOH (pH 8.5), 5 mM MgCl 2 , 10% DMF, 2.5 μl of in-house Tn5 transposase (0.8 98 U/μl), 0.01% digitonin (Sigma-Aldrich, Darmstadt, Germany), 0.1% Tween-20, 31.5 μl of PBS, 99 and 5 μl of nuclease-free water for 30 mins at 37 °C. Afterward, the DNA was purified with 100 MinElute Purification Kit (Qiagen, Venlo, Netherlands) and amplified with primers containing 101 barcodes, as previously described 22,29 . 102 103
All libraries were adapted for sequencing on the BGISEQ-500 platform 30 . In brief, the DNA 104 concentration was determined by Qubit 3.0 (ThermoFisher, Waltham, MA). Pooled samples 105 were used to make single-strand DNA circles (ssDNA circles). DNA nanoballs (DNBs) were 106 generated from the ssDNA circles by rolling circle replication as previously described 30 . The
107
DNBs were loaded onto patterned nano-arrays and sequenced on the BGISEQ-500 sequencing 108 platform with paired end 50 base reads.
110
Preprocessing of the ATAC-seq datasets
111
The ATAC-seq data were processed (trim, alignment, filter, and QC) using the ATAC-seq 112 pipeline from the Kundaje lab 31, 32 ( Table 2) . The model-based analysis of ChIP-seq 113 (MACS2) 33 version 2.1.2 was used to identify the peak regions with options -B, -q 0.01 --
114
nomodel, -f BAM, -g mm. The Irreproducible Discovery Rate (IDR) method 34 was used to 115 identify reproducible peaks between two technical replicates ( Fig. 1b ). Only peaks 116 reproducible between the two technical replicates were retained for downstream analyses.
117
We established a standard peak set by merging all overlapping peaks. The number of raw 118 reads mapped to each standard peak were counted using the intersect function of BedTools 35 119 version 2.26.0. The raw count matrix 32 was normalized by Reads Per Million mapped reads 120 (RPM) . Pearson correlation coefficients between technical or biological replicates across 121 tissues were calculated based on the Log10 RPM matrix.
123
Identification of tissue-specific chromatin accessible regions
124
We used a strategy described previously based on the Shannon entropy to compute a tissue 125 specificity index for each peak 4,36,37 . Specifically, for each peak, we defined its relative 126 accessibility in a tissue type i as Ri = Ei / ΣE, where Ei is the RPM value for the peak in the tissue 127 i ΣE is the sum of RPM values in all tissues, and N is the total number of tissues. The entropy 128 score for each peak across tissues can be defined as H = -1*sum(Ri * log2Ri) (1 < i < N), where 129 the value of H ranges between 0 to log2(N). An entropy score close to zero indicates the 130 accessibility of this peak is highly tissue-specific, while an entropy score close to log2(N)
131
indicates that this peak is ubiquitously accessible 38 . Based on the distribution of entropy 132 scores, peaks with score less than 3.5 were selected as tissue-restricted peaks.
134
We searched TF motifs in tissue-specific peaks using the findMotifsGenome. (Fig. 2b) . The successful detection of accessible regions is also supported by 161 the observation of strong enrichment of ATAC-seq reads around transcription start sites 162 (TSSs) 32 ( Fig. 2a, d ).
164
To evaluate the reproducibility of accessible element discovery between replicates, we 165 identified accessible regions in both replicates by using the MACS2 33 algorithm. We then 166 applied the IDR method 34 to find peaks that were reproducible between replicates in each 167 tissue type ( Fig. 2c ). We identified an average of 43,421 reproducible peaks ( Fig. 3b ), but a lower correlation between profiles from distinct tissues. This result is also 176 supported by t-distributed stochastic neighbor embedding (t-SNE) analysis with tissue-7 restricted peaks of all profiles (Fig. 3a, c) . Interestingly, correlations between replicates from 178 mice of the same gender are generally higher than those from the opposite gender. This can 179 be seen in the cerebrum where the correlation coefficient between replicates of female mice 180 is 0.99 ( Fig. 3d ), while the coefficient between male and female is slightly reduced (0.96). We 181 also compared our data to ATAC-seq profiles of postnatal mouse (day 0) tissues downloaded 182 from ENCODE project 42, 43 . Importantly, we found that both heart and lung were comparable 183 with each other (Fig. 3e ). Taken together, these analyses strongly suggest that our ATAC-seq 184 profiles can reliably detect accessible chromatin regions in the mouse genome and can be 185 used as a basic reference ATAC-seq dataset for future studies.
187
Inferring tissue-specific transcription factors
188
In an effort to validate the tissue-specific TF motifs identified in our dataset we compared 189 them to results from previous studies. Log2 RPM of the tissue-restricted peaks was shown in 190 the heatmap (Fig. 4a ). For example, we observed high enrichment of the NeuroG2 motif in 191 cerebellum and cerebrum ( Fig. 4b ), in agreement with the role of NeuroG2 in controlling the 192 temporal switch from neurogenesis to gliogenesis and regulating laminar fate transitions 23 . In
193
brown fat, we found the CCAAT-enhancer-binding proteins (CEBP) motif to be highly specific 194 ( Fig. 4b ). This is supported by a previous study demonstrating that CEBP can cooperate with 195 PRDM16 to induce brown fat determination and differentiation 24 . In addition, other well-196 known tissues-specific motifs such as the liver-specific HNF family TF motifs (Hnf1, HNF1b, and 197 HNF4a) 25 and heart or skeletal muscle specific Mef2 family motifs (Mef2a, Mef2b, Mef2c,
198
Mef2d) 26, 27 were validated in our study. To further validate whether the overall motif 199 enrichment in each tissue can reflect tissue specificity we performed hierarchical clustering of 200 tissues using Euclidean distance (Fig. 4c ). This provided a result similar to hierarchical 201 clustering of various mouse tissues based on RNA-seq data 44 . In addition, examination of 202 tissues from the gastrointestinal (GI) tract (i.e., large intestine, small intestine, and stomach) 203 showed tight clustering ( Fig. 4c ), which is likely due to their common functions such as lipid 204 metabolism and energy hemostasis 45, 46 . Skeletal muscle and heart tissue are found in the same 205 branch, suggesting that patterns of chromatin accessibility in the two tissues are highly 206 influenced by shared TF motifs such as those from the Mef2 family 45 . 
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